AD-A147  450  INTENSE  EXCITATION  SOURCE  OF  BLUE-GREEN  LASER ( U )  1/f  / 

HAMPTON  UN IV  V A  DEPT  OF  PHYSICS  AND  ENGINEERING  STUDIES 
K  S  HAN  15  OCT  84  NOOO14-0O-CO957 


A 147 


SECURITY  CLASSIFICATION  OF  THIS  FASC  0 »!»•"  O.l.  Enl.r.F} 


REPORT  DOCUMENTATION  PAGE 


4.  TITLE  (mr>4  S'ubfltlm 

Annual  Summary  Report  of  Intense  Excitation 
Source  of  Blue-Green  Laser 


author; 

Kwang  S.  Han 


PERFORMING  ORGANIZATION  NAME  ANO  ADORES* 

Hampton  University,  Dept,  of  Physics  and 
Engineering  Studies,  hampton,  VA  23668 


CONTROLLING  office  name  ano  AOORESS 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


1.  RECIPIENT'S  CATALOG  HUMBER 


S.  TYRE  OF  REPORT  *  PERIOD  COVEREO 

Annual  summary  Report 
Art. .  1.83  to  SeDt  30,  84 


t.  performing  org.  report  number 


s.  contract  or  grant  numbert.j 


N00014-80-C-0957 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  A  WORK  UNIT  NUMBERS 


Office  of  Naval  Research 
Washington,  D.C.  20360 


6115N 

RR011-09-01,  1-12 


12.  REPORT  date 

ber  15.  1984 


II.  NUMBER  OF  PAGES 


L  MONITORING  AGENCY  NAME  A  ADORE5VII  dlllmtmnl  Iran  Controllln*  Oflle>>  ]  IS.  SECURITY  CLASS,  (of  thlm  import) 


IS*.  OECLASSI  FI  CATION/  DOWNGRADING 
SCHEDULE 


I.  DISTRIBUTION  STATEMENT  (of  tftim  Rmport) 

Disbribution  unlimited 

After  Approved  for  public  release 


IW.  DISTRIBUTION  STATtMtNT  fol  the  abatrmct  antarad  )n  8io<;k  70,  If  diHor.ani'trom  R  apart) 


Unlimited  (Same  abstract  as  the  report) 


it.  supplementary  notes 


1 19.  KEY  WO  NOS  (Cantlmta  on  rararaa  aide  It  nacaaaary  Identity  by  block  number) 


lev  u  V.34  I 

n  u>^ 


Optical  pumping,  Hypocycloidal  pinch.  Terbium  Laser,  Sense  plasma  focus 


20.  ABSTRACT  (Conti  tore  on  roeerae  aide  It  nacaaaary  and  identify  by  btock  number) 

An  Intense  Excitation  Source  of  Blue-Green  Laser 

Under  ONR  grant  an  intense  excitation  of  blue-green  laser  useful  for 
underwater  communication  and  detection  system  being  developed.  The  source 
in  use,  hypocycloidal -pinch  plasma  (HCP),  can  produce  near  uv  photons  which 
match  the  absorption  spectra  of  solid  state  blue-green  laser  such  as  Tb:YLF 
and  dye  lasers.  The  optical  pumping  method  is  effeient  and  simple  for 
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exciting  short  pulse  lasers  repetitively  without  coupling  capacitor  energy 
directly  the  laser  medium. 

During  the  previous  project  year,  the  device  demonstrated  successful 
pumping  of  the  blue-green  dye  (LD490)  laser  with  a  peak  power  of  230kW.  The 
laser  pulse  repetition  rate  was  limited  to  0.5  pulse  per  second  due  to  the 
limited  current  (70mA)  of  the  power  supply  used  (See  publication  4). 
Furthermore  the  characterization  and  optimization  experiment  on  both  laser 
system  and  the  HCP  device  have  been  carried  out  extensively  (See  publication 
5, 6, 7, 8  and  9). 

In  order  to  accomplish  a  better  coupling  of  uv  light  from  HCP  to 
pumpband  of  LD  490  dye  laser,  the  following  dyes  are  mixed  with  LD  490  dye 
respecti vely:  Exciton  dye  BBQ,  LD390,  and  NPO  etc.  In  another  words  LD490 
dye  acts  as  the  lasing  medium  while  other  dyes  mentioned  above  as  a  spectrum 
converter.  At  present  time  experimental  result  shows  that  BBQ  dye  increases 
the  laser  output  energy  of  LD490  dye  by  about  200%  as  compared  with  that  of 
LD490  alone.  On  the  other  hand  LD390  and  NPO  dyes  decrease  the  laser  output 
I  energy.  For  the  reproducibility  of  the  experimental  results  mentioned 
1  above,  tests  are  still  in  progress. 

Since  the  considerable  amount  of  uv  pumping  light  from  the  HCP  has  been 
attenuated  before  it  actually  reaches  the  laser  gain  medium  and  also  uv 
light  loss  through  the  quartz  window  and  the  reflecting  mirror,  our  HCP  uv 
pumping  light  has  not  been  exceeded  the  threshold  level  of  Tb  rod  and  uv  dye 
laser  (See  publication  8).  In  order  to  circumvent  these  problems,  a  new 
geometry  of  the  plasma  focus  device  as  shown  in  figure  1  is  designed  and 
constructed. 

The  new  pump  source  as  shown  in  figure  1,  utilizes  an  elliptical- 
cylinder  mirror  for  collecting  the  radiation  from  the  dense  plasma  focus 
(DPF)  and  line-focussing  on  the  axis  of  the  laser  tube.  Ihe  new  plasma  pump 
source  is  expected  to  produce  a  plasma  density  of  10  ecm~'3  and  temperature 
of  lOeV  which  is  an  extremely  intense  UV  source.  Figure  2  shows  the 
experimental  setup  currently  operating.  In  order  to  measure  the  speed  of 
current  sheet  formed  during  the  rundown  phase,  two  photodetectors  are  placed 
at  A  and  B.  Another  two  photodetectors  are  also  placed  near  the  axis  of  the 
plasma  line  focussing  as  shown  in  Figure  2.  Consequently  the  velocity  of 
current  sheet  near  the  formation  of  plasma  focussing  will  be  measured. 
Figure  3  shows  a  typical  oscillogram  picture  of  light  signal  detected  at  A 
and  B.  Lower  trace  is  for  the  location  at  A  and  upper  one  for  B.  The 
operating  conditons  of  the  plasma  pumping  source  are  argon  fill  pressure  1 
Torr,  an  applied  voltage  17.5KV  and  capacitance  of  capacitor  50uF.  With 
these  preliminary  data  the  velocity  of  current  sheet  calcualted  from  , 
distance  between  1st  peak  positions  of  upper  and  lower  traces,  is  2xl0bcm/s. 

For  further  optimization  of  the  new  plasma  pump  source,  the  measurement 
of  the  emission  spectra  in  the  200-400nm  range  will  be  continued  as  a 
function  on  operating  conditions  such  as  input  energy,  voltage,  gas  type, 
and  pressure  before  uv  dye  laser  pumping. 
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Under -0NR  grant  an  intense  excitation  of r blue-green  laser  useful  for 
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underwater  communication  and  detection  system'being  developed.  The  source  in 
use,  hypocycloi dal -pinch  plasma  (HCP)\  can  produce  near  uv  photons  which  match 
the  absorption  spectra  of  solid  state  blue-green  laser^such  as  Tb:YLF  and  dye 
lasers.  The  optical  pumping  method  is  efficient  and  simple  for  exciting  short 
pulse  lasers  repetitively  without  coupling  capacitor  energy  directly  the  laser 
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During  the  previous  project  year,  the  device  demonstrated  successful 
pumping  of  the  blue-  green  dye  (LD490)  laser  with  a  peak  power  of  230kW.  The 
laser  pulse  repetition  rate  was  limited  to  0.5  pulse  per  second  due  to  the 
limited  current  (70mA)  of  the  power  supply  used  (See  publication  4). 

Furthermore  the  characterization  and  optimization  experiment  on  both  laser 
system  and  the  HCP  device  have  been  carried  out  extensively  (See  publication 
5, 6, 7, 8  and  9) . 

In  order  to  accomplish  a  better  coupling  of  uv  light  from  HCP  to  pumpband 
of  LD  490  dye  laser,  the  following  dyes  are  mixed  with  LD  490  dye  respectively: 
Exciton  dye  BBQ,  LD390,  and  NPO  etc.  In  another  words  LD490  dye  acts  as  the 
lasing  medium  while  other  dyes  mentioned  above  as  a  spectrum  converter.  At 
present  time  experimental  result  shows  that  BBQ  dye  increases  the  laser  output 
energy  of  LD490  dye  by  about  200%  as  compared  with  that  of  LD490  alone.  On  the 
other  hand  LD390-and  NPO  dyes  decrease  the  laser  output  energy.  For  the 
reproducibility  of  the  experimental  results  mentioned  above,  tests  are  still  in 


progress. 


Since  the  considerable  amount  of  uv  pumping  light  from  the  HCP  has  been 
attenuated  before  it  actually  reaches  the  laser  gain  medium  by  the  loss  through 
the  quartz  window  and  the  reflecting  mirror,  our  HCP  uv  pumping  light  has  not 
been  exceeded  the  threshold  level  of  Tb  rod  and  uv  dye  laser  (See  publication 
8).  In  order  to  circumvent  these  problems,  a  new  geometry  of  the  plasma  focus 
device  as  shown  in  figure  1  is  designed  and  constructed. 

The  new  pump  source  as  shown  in  figure  1,  utilizes  an  elliptical-  cylinder 

mirror  for  collecting  the  radiation  from  the  dense  plasma  focus  (DPF)  and 

line-focussing  on  the  axis  of  the  laser  tube.  The  new  plasma  pump  source  is 
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expected  to  produce  a  plasma  density  of  10  cm  and  temperature  of  lOeV  which 
is  an  extremely  intense  UV  source.  Figure  2  shows  the  experimental  setup 
currently  operating.  In  order  to  measure  the  speed  of  current  sheet  formed 
during  the  rundown  phase,  two  photodetectors  are  placed  at  A  and  B.  Another 
two  photodetectors  are  also  placed  near  the  axis  of  the  plasma  line  focussing 
as  shown  in  Figure  2.  Consequently  the  velocity  of  current  sheet  near  the 
formation  of  plasma  focussing  will  be  measured.  Figure  3  shows  a  typical 
oscillogram  picture  of  light  signal  detected  at  A  and  B.  Lower  trace  is  for 
the  location  at  A  and  upper  one  for  B.  The  operating  condi tons  of  the  plasma 
pumping  source  are  argon  fill  pressure  1  Torr,  an  applied  voltage  1 7 . 5kV  and 
capacitance  of  capacitor  50  F.  With  these  preliminary  data  the  velocity  of 
current  sheet  calcualted  from  distance  between  1st  peak  positions  of  upper  and 
lower  traces,  is  2xl0^cm/s. 

For  further  optimization  of  the  new  plasma  pump  source,  the  measurement  of 


the  emission  spectra  in  the  200-400nm  range  will  be  continued  as  a  function  on 
operating  conditions  such  as  input  energy,  voltage,  gas  type,  and  pressure 
before  uv  dye  laser  pumping. 


Figure  1.  A  schematic  diagram  of  plasma  pumping  source 
for  short  wavelength  lasers. 


INSULATOR  CATHODE 


Fig.  2.  Schematic  diagram  for  the  speed  measurement  of  current 
sheet  in  the  plasma  pumping  source. 
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Oscillogram  of  the  light  signals  generated  by  current 
sheet  in  the  plasma  pumping  source.  Lower  and  upper 
traces  are  signals  detected  at  the  position  A  and  B  as 
shown  in  Fig. 2.  Ar  fill  pressure  =  1  Torr,  E  =  17.5KV, 
C  =  50  v  F .  -  ° 
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